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Abstract 
Green building tool is a rating system to assess the building environmental 
performance during the lifecycle of the building in order to quantify the quality of 
building performance. This assessment tool consists of many important aspects for 
making sure the building is environmentally friendly. One of them is water 
sustainability aspect. During the lifecycle of the building, water is considered as one 
of the key aspects for designing sustainable building. For the sake of water 
sustainability in the residential building sector, five assessment tools have been 
selected for examination. The aim of this study was to find out the role of assessment 
tools in promoting water sustainability in residential building. They were LEED for 
Homes (US), EcoHomes (UK), GBTool (Canada), HK-BEAM (Hong Kong) and 
CASBEE (Japan).The study found that all the examined tools put water sustainability 
aspect as one of important criterion for environmental building assessment. 
However, they were different in term of the degree of importance and the scope they 
cover. Some of them were very simple while others were very comprehensive. The 
authors hope that this study may be used as one of the references for the formulation 
of assessment tool of water sustainability in residential building sector in Indonesia. 
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Introduction 
Green building (GB) tool is an environmental part of sustainable building (SB) 
assessment methods. It is predominantly concern with the assessment of building performance 
against a declared set of environmental criteria. SB assessment methods address an even broader 
set of environmental, social and economic building related issues (Kaatz et al., 2006).  
There has been a growing movement towards green building since the second half of the 
1980s, leading to the development of various methods for evaluating the environmental 
performance of buildings. Methods developed around the world include BREEAM (Building 
Research Establishment Environmental Assessment Method) in the UK, LEED (Leadership in 
Energy and Environment Design) in the USA, HK-BEAM (Hong Kong Building Environmental 
Assessment Method) in Hong Kong, CASBEE (Comprehensive Assessment System for Building 
Environmental Efficiency) in Japan and GBTool (Green Building Tool) in Canada as an 
international project. These methods have attracted interest around the world. This kind of 
assessment, with the publication of the results, is one of the best methods now available to 
provide an incentive for clients, owners, designers and users to develop and promote highly 
sustainable building practices. 
This paper intends to present one aspect of this building environmental assessment i.e. 
water conservation in the design phase of building lifecycle. This was done by examining the 
criteria of water conservation from five different green building performance evaluation tools as 
mentioned above. This hopefully could become a reference for developing similar method that 
applicable for Indonesia. 
 183
Baharuddin, Stephen S.Y. Lau and Rosady Mulyadi 
Water conservation measures in residential buildings 
Water is an essential aspect for natural life and for human being. The way we use water in 
our homes and gardens, in commerce and industry and in agriculture, has a direct impact on the 
environment, so we must have a plan for the management of water that will protect the long term 
future of the environment, while encouraging sustainable development (Szokolay, 2003). 
During the past two decades the demand for water for our homes, industry and agriculture 
has been steadily increasing (Figure 1), resulting in recent water shortages in some parts of the 
world including Indonesia. Forecasts suggest that this upward trend will continue and this, 
together with the effects of global warming and the climatic uncertainties of the future, increase 
the need to conserve and carefully manage our water supplies. 
 
 
Figure 1: Evolution of global water use (http://www.unep.org/vitalwater/15.htm) 
 
It can be seen from Figure 1 that most water is used for agriculture and industry. 
However, wasted water in the building sectors is much higher. According to UNESCO (2000) the 
domestic water use is related to the quantity of water available to populations in cities and towns. 
Regarding this, UNESCO (2000) provides some figures as follows: 
1). People in developed countries on average consume about 10 times more water daily than 
those in developing countries. It is estimated that the average person in developed 
countries uses 500-800 litres per day (300 m3 per year), compared to 60-150 litres per day 
(20 m3 per year) in developing countries  
2). Water withdrawal in large cities is estimated at 300-600 litres per person per day, while 
small cities have a water withdrawal of ~100-150 litres, and consumption can reach 40-
60% of the total water intake 
3). In developing countries in Asia, Africa and Latin America, public water withdrawal 
represents just 50-100 litres per person per day. In regions with insufficient water 
resources, this figure may be as low as 20-60 litres per day 
 
There are many actions that can be taken to minimise water consumption and all should 
be considered. The use of water for sanitary purpose within a dwelling is significant. A number of 
steps can be taken to minimise consumption. This includes the use of low-water-use WCs, 
showers, taps and appliances, as well as grey water recycling and rainwater harvesting. The use of 
water-saving equipments to replace such facilities will certainly save a large amount of water. For 
example, the amounts of water used in taking a shower and having a bath is quite different. A 
single shower uses around 70 l of water, whereas a bath uses around 150 l (Cheng, 2003).     
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The use of water to flush toilet accounts higher percentage in dwelling units. For 
examples, in Australia and Taiwan about 35% (Szokolay, 2003, Cheng, 2003), and 30% to 40% in 
Hong Kong (Wong and Mui, 2005). This gives the opportunity to use the low quality of water i.e. 
grey water recycle and rainwater for flushing purposes. As a result, a great amount of potable 
(drinkable) water could be save up to 40% of total daily water consumption.   
Among the countries in the Figure 2, Indonesia has the highest rainfall i.e. 2650 mm/year. 
This high figure potentially brings gain and lost to the society. If it is manage well, water shortage 
could be overcome and flooding could be minimised. In Indonesian cities, it is commonly happen 
that during rainy session there are flooding in some part of the city. While in dry session water 
shortage is a common phenomenon. Therefore, this is an important task for the architects and 
engineers to integrate water management systems in residential buildings or in the housing 
estates. 
 
Figure 2: Partial comparison of rainwater in the world (Cheng, 2003) 
Description of green building tools 
LEED for Homes 
Leadership in Energy and Environmental Design (LEED) has established by United 
States Green Building Council (USGBC) is a voluntary rating system to assess the environmental 
performance of a building over the entire lifecycle. For residential buildings USGBC established 
LEED for Homes. Based on version 1.72, October 19, 2005 LEED for Homes evaluated eight 
categories: Location and Linkage (LL), 10 points; Sustainable Sites (SS), 14 points; Water 
Efficiency (WE), 12 points; Indoor Environmental Quality (IEQ), 14 points; Material and 
Resources (MR), 24 points; Energy and Atmosphere (EA), 29 points; Homeowner Awareness 
(HA), 1 points; Innovative and Design Process (ID), 4 points. Credit will be awarded for 
satisfying various criteria in these categories (USGBC, 2005). 
The level of certification a building can receive based on number of points acquired are : 
Certified 30-49 points, Silver 50-69 points, Gold 70-89 points, and Platinum 90-108 points. 
EcoHomes 
EcoHomes is a residential version of BREEAM. It balances environmental performance 
with the need for a high quality of life and a safe and healthy internal environment. The issues 
assessed are grouped into seven categories: energy; water; pollution; materials; transport; ecology 
and land use; health and well-being. Many of the issues are optional, ensuring EcoHomes is 
flexible enough to be tailored to a particular development or market (BRE, 2006b). 
EcoHomes uses four rating classifications (BRE, 2006a): Pass 36%, Good 48%, Very 
Good 58%, and Excellent 70%. The total number of score is 100 points for eight categories. Each 
of categories has the maximum points as follows: Energy 22 points, Transport 8 points, Pollutants 
10 points, Materials 14 points, Water 10 points, Land use & Ecology 12 points, Health & Well 
Being 14 points, and Management 10 points. 
 185
Baharuddin, Stephen S.Y. Lau and Rosady Mulyadi 
GBTool 
GBTool is the method used to assess the potential energy and environmental performance 
of the case-study projects in the Green Building Challenge process. A feature of GBTool that sets 
it apart from existing assessment systems, is that the method is designed from the outset to reflect 
the very different priorities, technologies, building traditions and even cultural values that exist in 
various regions and countries (Larsson, 2005). The GBTool 2005 consists of a single Microsoft 
Excel workbook that can be used by design team to evaluate their building design performance. 
Assessment based on the following categories: site selection, project planning and development; 
energy and resources consumption; environmental loadings; indoor environmental quality; 
functionality; long term performance; social and economic aspect (Larsson, 2005). 
GBTool has performance values ranges from -1 to +5, with the interpretation as follows 
(Larsson, 2005): 
- 1 Negative (Unsatisfactory performance) 
0 Minimum acceptable performance (usually but not always defined by regulation) 
3 Good practice 
5 Best practice 
HK-BEAM 
HK-BEAM is a holistic assessment that integrates the assessment of many key aspects of 
building performance, embracing: hygiene, health, comfort, and amenity; land use, site impacts 
and transport; use of materials, recycling, and waste management; water quality, conservation and 
recycling; and energy efficiency, conservation and management (HK-BEAM Society, 2004). 
The Overall Assessment Grade is based on the percentage (%) of applicable credits 
gained. Given the importance of IEC (Indoor Environmental Quality) it is necessary to obtain a 
minimum percentage of credits for IEQ in order to qualify for the overall grade. The award 
classification can be seen in Table 1. 
 
Table 1: HK-BEAM award classification (HK-BEAM Society, 2004) 
Award Overall IEQ 
Platinum (Excellent) 75% 65% 
Gold (Very Good) 65% 55% 
Silver (Good) 55% 50% 
Bronze (Above average) 40% 45% 
 
CASBEE 
CASBEE was developed in the suite of architectural design process, starting from the pre-
design stage and continuing through design and post design stages. CASBEE environmental 
labelling use Building Environmental Efficiency (BEE) (IBEC, 2005): 
BEE = Q (Building environmental quality and performance)/ L (Building environmental loadings) 
The use of BEE enabled simpler and clearer presentation of building environmental 
performance assessment results. BEE values are represented on the graph by plotting L on the x 
axis and Q on the y axis. The BEE value assessment result is expressed as the gradient of the 
straight line passing through the origin (0,0). The higher the Q value and the lower the L value, 
the steeper the gradient and the more sustainable the building is. The assessment results for 
buildings can be labelled on a diagram as class C (poor), class B-, class B+, class A, and class S 
(excellent), in order of increasing BEE value (IBEC, 2005). For the performance calculation, this 
tool uses Microsoft Excel workbook. The users only need to determine the weighting factors and 
the levels for every criterion in all categories. Weighting factor is the relative importance of one 
criterion to the others. 
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Water sustainability aspects in Green Building Tools 
LEED for Homes 
LEED for Homes does not have a standard of the amount of water use in the buildings. 
Water efficiency in LEED for Homes consists three sub categories: water reuse, irrigation system, 
and indoor water use. Each sub-category consists of several criteria as follows (USGBC, 2005): 
• The aim water reuse is to minimise demand for potable water. Two measures have 
been set up in this sub-category i.e. rainwater harvesting system and grey water reuse 
system.   
• In order to minimise demand for landscape the buildings are mandate to have main 
shutoff valve, sub-meter and third party inspection. Two other measures in irrigation 
system are the use of high efficiency measures and rain sensing controls. 
• The aim of indoor water use is to minimise indoor demand of potable water. To this 
end the buildings are encouraged to have either to install high efficiency (low flow) or 
very high efficiency fixtures in the toilets, showers, and faucets 
EcoHomes (United Kingdom) 
EcoHomes has two measures for conserving potable water in buildings namely internal 
potable water use and external potable water use. The first measure set up the standard of the 
amount of water use in the residential buildings per bedspace per year in five different scales. The 
minimum point of 1.67 will be given to the buildings that consume less than 52 m3 per bedspace 
per year.  In order to get the maximum point the buildings should consume less than or equal to 
32 m3 per bedspace per year (8.33 points) (BRE, 2006b).  
For external potable water use EcoHomes promotes rainwater collection system for 
watering gardens and landscape areas. 1.67 point will be awarded for the buildings that fulfil this 
requirement. 
GB Tool (Canada) 
Water efficiency in GBTool is located under the Energy and Resources Consumption 
category in the point B6 Potable Water. This sub category has two measures to minimise the use 
of potable water in the buildings. They are: a) design measures and management plans to limit use 
of potable water for site irrigation, and b) design measures and management plans to limit use of 
potable water for building systems and occupants’ needs. In addition to this sub category, GBTool 
has another sub-category under Environmental Loadings (C). This sub category called rainwater, 
storm water and wastewater (C4). It includes three design feature i.e. a) design feature to limit 
liquid effluent from building operation sent off the site, b) design feature to maximise the 
retention of rainwater for later reuse, and c) design features to minimise untreated storm water 
sent off the site. Four different values will be awarded to the buildings according to their 
performance (Larsson, 2005). 
HK-BEAM 
Water use category in HK-BEAM comprises three sub-categories: a) water quality, b) 
water conservation (annual water use, monitoring and control, water use for irrigation, water 
recycling, and water efficient facilities and appliances), and c) effluent (effluent discharge to foul 
sewers) (HK-BEAM Society, 2004). For detail descriptions please see Table 2. 
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Table 2: Water aspect in HK-BEAM (HK-BEAM Society, 2004) 
5        WATER USE 
5.1.1 WATER QUALITY 
1 credit where fresh water plumbing installations with the referenced good practice 
guides. 
1 credit for demonstrating that the quality of potable water meets referenced 
drinking water quality standard at all points of use. 
1 
 
1 
5.2.1 ANNUAL WATER USE 1 to 3 credits for demonstrating that the use of water saving devices leads to an estimated aggregate annual saving of 15% to 35%. 3 
5.2.2 MONITORING AND CONTROL 
1 credit for installations of any two features: 
2 credits for installation of all three features: 
automatic shut-off of devices for the purposes of water conservation; 
monitoring water leakage within the fresh water distribution systems; 
monitoring of water flow at main supply branches for audit purposes. 
2 
5.2.3 WATER EFFICIENT IRRIGATION 
1 credit for the use of an irrigation system which does not require the use of 
municipal potable water supply after period of establishment is complete. 1 
1 credit for harvesting of rainwater will lead to a reduction of 10% or more in the 
consumption of fresh water. 
1 credit for the provision plumbing and drainage systems that provide for 
separation of grey water from black water. 5.2.4 WATER RECYCLING 
1additional credit where harvested and recycled water will lead to a reduction of 
10% or more in the consumption of fresh water. 
1+2B 
1 credit for demonstrating that installed water facilities are more efficient than 
otherwise. 5.2.5 
WATER EFFICIENT 
FACILITIES AND 
APPLIANCES 1 credit for installing water efficient appliances that are at least 20% more efficient than otherwise. 
1 
1 
5.3.1 EFFLUENT DISCHARGES 
TO FOUL SEWERS 
1 credit for demonstrating an estimated reduction in annual sewage volume by 
25%. 1 
 
CASBEE 
CASBEE set water resources as one of environmental loading in LR-2 resources and 
materials. It consists of two main criteria i.e. a) water saving, and b) rainwater & grey water. In 
water saving sub-category, CASBEE promotes the use of water-saving valve for major faucets. 
The highest score (level 4) will be awarded for buildings that provides in addition to water-saving 
valve, other water-saving equipment such as water-saving toilets is used (IBEC, 2005). 
In the rainwater and grey water sub category, the buildings are promoted to use rainwater 
(level 4) and use at least 20% rainwater (level 5). The level 4 score will be given to the buildings 
that reuse grey water. The maximum score can be obtained if the buildings also have equipment to 
reuse sewage in addition to grey water reuse. 
Summary 
The summary of water sustainability aspect in five tools can be seen in the Table 3. 
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Table 3: Summary of water sustainability aspects 
Design Criteria LEED for Homes EcoHomes GBTool*) HK-BEAM CASBEE**)
Good practice of fresh 
water plumbing installation 
(1 point)
Quality of potable water 
meets the standard (1 point)
Water saving
No exact figures. It will be 
achieved by installing 
water efficient equipment, 
rainwater use, grey water 
reuse
Internal potable water 
use between 52 and 32 
m3/bedspace/year (1.67 
to 8.33 points)
No exact figures. It 
will be achieved by 
installing water 
efficient equipment, 
rainwater use, grey 
water reuse
Annual saving from 15% to 
35% (1 to 3 points)
No exact figures. It will 
be achieved by installing 
water efficient 
equipment, rainwater use, 
grey water reuse
water efficient facilities (1 
point)
No system for water 
saving (level 1)
Major faucets are 
equipped with water-
saving valve (level 3)
In addition to water 
saving valve, other water 
saving is used (level 4)
No system for using 
rainwater (level 3)
Rainwater is used (level 
4)
Rainwater usage at least 
20%
No system for reusing 
grey water (level 3)
Reduction of fresh water at 
least 10% (1 point) 
Install a central shut-off 
valve and sub-meter for 
the irrigation system, and 
thirdparty visual 
inspection of installed 
irrigation system. 
(Mandatory)
Design & install high 
efficiency of irrigation 
system (3 points)
Design & install rain 
sensing control (1 point)
Water sewage N/A N/A
Design feature to limits 
liquid effluent from 
building
Reduction of annual sewage 
by 25% (1 point)
In addition to grey water, 
there is equipment to 
reuse sewage (level 5)
N/A = Not applicable
**) CASBEE uses 5 levels of scoring ( level 1 to level 5)
Included in calculation of 
internal potable water use
Irrigation system/ 
External water use
Water quality N/A N/A
Grey water recycling 
Install grey water system 
for landscape purposes (1 
point)
Suplement in internal 
potable water use (no 
more than intended 
usage)
N/A
water efficient appliances at 
least 20% (1 point) 
Rainwater collection
Collect minimum 50% of 
rain from the roof  (1 
point)
Suplement in internal and 
external potable water 
use
Reduction of fresh water at 
least 10% (1 point) 
Included in measures 
to limit potable water 
for occupant needs 
N/A
Water-efficient 
equipment
Install high efficiency (3 
points) and very high 
efficiency equipments (6 
points)
*) GBTool uses 4 values: -1 for not acceptable performance, 0 Minimum acceptable performance (usually but not always defined by regulation), 3 Good 
practice, 5 Best practice
Design feature to 
maximise the retention 
of rainwater for later re-
use
Design measures and 
management plans to 
limits use of potable 
water for site irrigation
Design feature to limits 
liquid effluent from 
building Grey water is reused 
(level 4)
Seperation of plumbing for 
grey and black water (1 
point)
Not specifically stated. Use non potable water for irrigation (1 point)
Rainwater collection for 
garden/landscape (1.67 
points)
 
Discussion 
GBTool and CASBEE use Microsoft Excel workbook for the calculation of building 
performance, while EcoHomes, LEED for Homes and HK-BEAM use checklist point. In GBTool 
and CASBEE, the users can make a customisation of weighting factors for each criterion in all 
categories to suite the local conditions. In EcoHomes, LEED for Homes and HK-BEAM no such 
customisation available for users. 
It is interesting to note that in the water sustainability only HK-BEAM has been set up the 
water quality as one of the criteria. This is might be related to the occurrence of SARS (Severe 
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Acute Respiratory Syndrome) in 2003. Because since that time Hong Kong residents have 
developed more awareness of the quality of their living such as air and water quality.   
Some of tools require the amount of potable water to be used in the building. EcoHomes 
requires the calculation of internal potable water use. The points will be awarded according to the 
amount of potable water used in the buildings. HK-BEAM put the percentage of 15% to 35% of 
annual saving compare to the normal practice. The other three tools have no requirement about 
the amount of potable water. However, they emphasise on how they achieve this saving thorough 
the use of high or very high efficiency of water-saving equipments.  
All tools promote of using rainwater in the buildings. However, they are different in terms 
of the amount of rainwater to use or collect. LEED for Homes requires at least 50% of rainwater 
collection, CASBEE requires at least 20% of rainwater usage, and HK-BEAM requires at least 
10%. EcoHomes does not specify the amount rainwater to be used. However, it promotes the used 
of rainwater by calculation of the reduction of potable water that can be replaced by rainwater. 
GBTool only specify design measures and management plans to maximise the retention of 
rainwater for using in buildings.  
In terms of grey water recycling, LEED for Homes promotes the installation of grey water 
system for landscape purposes. EcoHomes included grey water to replace potable water for toilet 
flushing. HK-BEAM encourages the separation of plumbing for grey and black water and the 
reduction of potable water using grey water at least 10%. CASBEE encourages the use of grey 
water in buildings. 
Four out of five tools i.e. LEED for Homes, EcoHomes, GBTool and HK-BEAM promote 
the use of non potable water for irrigation purposes. CASBEE does not specifically mention the 
use of non potable water for irrigation. However, it supports the use of rainwater for about 20% in 
the buildings.  
HK-BEAM offers one point for the buildings that can satisfy the minimum of 25% of 
annual sewage. While CASBEE offers the level 5 point to the building that provide the equipment 
for reuse of sewage in addition of grey water reuse. 
Conclusions 
The study found that all investigated green building tools set up water conservation 
criteria as an important aspect in assessment method. However, they differ in terms of the degree 
of importance and the scope they cover. Some tools put very details and transparent criteria such 
as EcoHomes and HK-BEAM that set up a metric for the measurement. Other tools such as the 
GBTool only specifies broad criteria and is therefore more qualitative. It is more concern about 
how the buildings will achieve the goals. On the other hand, LEED for Homes gives priority for 
the installation of high and very high efficiency of equipments. CASBEE is more concerned about 
the existence of the system in the buildings. As long as the systems exist the buildings will get 
credits.     
For Indonesian case, the authors think that it is better to encourage the building owners to 
provide systems for water conservation in the first stage. This is certainly very important tasks for 
the architects and engineers to promote water sustainability as one aspect in the building 
sustainability. The architects and engineers need to explain to the building owners the benefits for 
providing such system in their building design. 
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